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[57] ABSTRACT 

An article having a cavity with a thin bottom wall is 
provided by assembling a thin sheet, for example, a 
metal sheet, adjacent the surface of a member having 
one or more apertures extending to that surface. A 
bonding adhesive is interptosed between the thin sheet 
and the subadjacent member and the thin sheet is sub- 
jected to a high fluid pressure to subject the assembly 
to a high differential pressure to laminate the thin 
sheet to the member. In order to prevent the differen- 
tial pressure from being exerted against the thin sheet 
adjacent the apertures in the subadjacent member, the 
aperture is filled with a plug of solid material having a 
linear coefficient of thermal expansion higher than 
that of the member. When the assembly is subjected 
to pressure, the material is heated to a temperature 
such that its expansion exerts a pressure against the 
thin sheet thus reducing the differential pressure 
across the thin sheet adjacent the plug. It is thus possi- 
ble to readily produce members having hundreds of 
cavities having thin, flat, bottom walls. Stainless steel 
members are readily produced, for example, with sev- 
enty four such cavities, each with a diameter of 0.750 
inches and having a flat bottom wall having a thick- 
ness of 0.006 inches. 
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METHOD OF FABRICATING AN ARTICLE WITH 
CAVITIES 

ORIGIN OF THE INVENTION 

The invention described herein weis made by employ- 
ees of the United States Government and may be man- 
ufactured and used by or for the Government for gov- 
ernmental purposes without the payment of any royal- 
ties thereon or therefor. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of forming 
members with cavities therein having thin, flat, bottom 
walls. A need frequently arises for providing cavities 
with a very thin and flat bottom wall the thickness of 
which is uniform. For example, a cavity having a diam- 
eter of 0.750 inches in diameter having a bottom wall 
0.006 inches thick is useful in detecting temperature 
characteristics of the bottom wall. A thermocouple is 
attached to the bottom wall and temperature is de- 
tected in the normal way. The cavity thus forms a calo- 
rimeter with a uniform surface thickness and finish. 
Successful application of the concept requires ability to 
provide a dimple-free and wrinkle-free bottom wall, 
normally of metal, thin enough to provide desired sen- 
sitivity to temperature change to produce an electrical 
signal that may be recorded with accuracy simulta- 
neously over a given surface area while operating under 
various temperature conditions. 

Machine tooling an article of this type, particularly 
one with several cavities, with the bottom cavity wall 
being an integral part of the model is feasible, but not 
practical. This would require the use of an Elox ma- 
chine to electrode-form the cavities. A minimum of two 
electrodes, one for roughing out and the second for the 
final finishing, would be required for each cavity. 

The machining operation would require approxi- 
mately 4 to 6 man-hours per cavity, with the finished 
model depending on the ability of the individual ma- 
chinist to complete the required number of intricate 
machining operations, leaving the identical thickness of 
bottom wall in each of the cavities. Due to the number 
and complexity of the required machining operations, 
the possibility of human error, machine malfunction, or 
electrode burn through at any one of the cavities, is al- 
ways present. 

Machining an article of this type and chemical mill- 
ing the cavities with each cavity being an identical 
0.750 diameter, straight edged, radiused faced opening 
having a finished 6 mil skin thickness is not feasible. 

Because of the dubious propagation controlling abil- 
ity of the chemical milling process in relation to gaug- 
ing the depth of the milling operation and the crystalli- 
zation of the metal being etched, it is highly improbable 
to duplicate any set number of operations. Due to the 
number of variables and chances of rejection, chemical 
milling an article of this configuration, particularly one 
with a curved surface, would not be feasible. 

In view of the foregoing, it is readily seen that con- 
ventional fabricating techniques have several disadvan- 
tages including high cost, a high possibility of rejection 
when a large number of cavities is provided, the quality 
of the finished article is dependent totally on the ma- 
chine operator’s skill, a possibility of changing the ma- 
terials properties at the cavity bottom wall due to the 
type of machining employed, and difficulty of duplica- 
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tion of properties such as sensitivity, s|>ecific heat, and 
thickness at each cavity bottom wall. 

It is therefore an object of the present invention to 
provide a novel method for fabricating members hav- 
S ing one or more cavities having thin bottom walls. It is 
still a further object to provide such a method which 
overcomes the disadvantages of conventional methods 
of fabricating such members. 

The foregoing and other objects which will be appar- 
10 ent to those having ordinary skill in the art are achieved 
by providing, in a method of bonding a thin sheet to a 
substrate including an aperture therein wherein the 
sheet is asserhbled adjacent the substrate and the as- 
sembly is subjected to a high differential pressure to 
15 bond the thin sheet to the substrate, the improvement 
wherein the aperture is filled with a plug of a solid, heat 
expandable material having a linear coefficient of ther- 
mal expansion at least as high as that of the substrate 
and wherein the plug of material is heated while the as- 
20 sembly is subjected to the differential fluid pressure to 
a temperature such that the pressure against the thin 
sheet induced by the thermal expansion of the plug of 
material is sufficient to substantially reduce the high 
differential pressure across the thin sheet adjacent said 
25 plug. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

There follows a detailed description of a preferred 
embodiment of the invention, together with accompa- 
nying drawings. However, it is to be understood that 
the detailed description and accompanying drawings 
are provided solely for the purpose of illustrating a pre- 
ferred embodiment and that the invention is capable of 
numerous modifications and variations apparent to 
those skilled in the art without departing from the spirit 
and scope of the invention. 

FIG. 1 is a perspective view of a stainless steel mem- 
ber including a plurality of apertures used to fabricate 
an article according to the present invention; 

FIG. 2 is a perspective view of the member of FIG. 
1 with elastomeric material filling the apertures in the 
member; 

FIG. 3 is a sectional diagrammatic exploded view 
showing a portion of a sheet being bonded to the mem- 
ber of FIG. 2; 

FIG. 4 is a sectional view of an article according to 
the invention produced after bonding as shown in FIG. 
3 and including a plurality of cavities having thin bot- 
tom walls. 

FIGS. 1-4 illustrate application of the invention to 
the fabrication of a hollow conically shaped stainless 
steel article having seventy four cavities of various di- 
ameters. The article is made up of two halves, a portion 
of one half being diagrammatically shown in FIGS. 1 
and 2. Member 10 is fabricated by conventional tech- 
nique from type 347 stainless steel 0.20 inches thick 
and is provided with a plurality of cavities 1 1-14 having 
a diameter of 0.750 inches and having a flat bottom 
wall 15 0.006 inches in thickness. Member 10 may be 
in any configuration and in this case is one half of a 
cone, a portion only of the half being shown in FIGS. 

1 and 2. The article is used to analyze the boundary 
layer adjacent the outer surface of the conical article. 
For example, the article may be used to analyze surface 
temperature when the conical article is subjected to 
motion relative to fluid. In one specific use, the conical 
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article is used to analyze surface temperature when the 301, having a thickness of 0.006 inches) shaped to con- 

conical article is moved through a fluid. In this case, form to the outer convex surface of member 21 is 

each cavity is used as a calorimeter. The inner surface bonded to member 21 using a conventional heat sensi- 

16 of the bottom wall 15 of each cavity is provided with tive adhesive film 28 (FM 1044, 0.001 inches in thick- 

a thermocouple junction one of which is shown and 5 ness, Americal Cyanamide). After cleaning and prim- 

designated by reference numeral 17 and having con- ing the metal surfaces, adhesive layer 28 is interposed 

ventional electrical leads 18, 19. Thermocouple junc- between sheet 20 and member 21. The assembly is then 

tion 17 is attached to surface 16 by any conventional placed below an imjjervious rubber sheet secured to a 

technique such as welding. It is essential that thin wall rigid frame in an autoclave. Vacuum is applied below • 

portions 15 are dimple-free and wrinkle-free and yet 10 the frame to draw the rubber sheet tightly against the 
thin enough to give desired sensitivity to produce an outer surface of sheet 20 of the assembly. Steam is then 

electrical signal which may be recorded with accuracy. introduced under pressure into the autoclave to exert 

It will be apparent that there are many other instances a bonding pressure against the rubber sheet and the 

where it will be desired to produce a member having subadjacent sheet 20. A differential pressure thus urges 

one or more cavities having very thin, flat, bottom 15 sheet 20 against silicone rubber element 30. If the plugs 
walls. A member of this type is fabricated according to of silicone rubber were not present in cavities 1 1-14, 

the present invention by bonding a thin sheet rhember portions 15 of steel sheet 20 would be severely dis- 

20 (FIG. 3) to the outer surface of a perforated mem- torted or ruptured under conventional bonding temper- 

ber 21. The apertures 22-27 in perforated member 21 ature. However, plugs 30 in cavities 11-14 will expand 

( FIG. 1 ) form the side walls of cavities 1 1-14 and the 20 due to the heat induced by the steam which heat is also 
portions of sheet member 20 adjacent the apertures in utilized to cure the adhesive layer 28. The coefficient 

member 21 form the flat bottom wall portions of the of thermal expansion of the silicone rubber is such that 

cavities. at the temperature used to cure the adhesive, the pres- 

Sheet member 20 is bonded to member 21 by means sure exerted by plugs 30 outwardly against portions IS 

of a conventional laminating adhesive 28 disposed be- 25 of sheet 20 is substantially the same as the differential 
tween sheet- member 20 and member 21 as shown in bonding pressure exerted against sheet 20 by the steam. 

FIG. 3. A uniform fluid bonding pressure is applied ex- Thus, the net differential pressure across portions 15 of 

ternally of sheet 20 as indicated by arrows 29 to bond sheet member 20 will be at or near zero, 

sheet 20 to member 21. It will be readily understood. It will be readily apparent that the thermal coefficient 
however, that bonding in this manner would subject the ^0 of expansion of the material making up plugs 30 should 
bottom wall portions 15 to a differential pressure which be at least as high as that of member 21. Where the 

would cause distortion and even rupture of the thin solid plug material 30 is more resilient than member 

bottom wall portions 15 under pressures normally em- 21, its coefficient of thermal expansion should be 

ployed during lamination. This is overcome according higher than that of member 21. In any event, it is a sim- 

to the present invention by filling the apertures in mem- pie matter to select a 30 plug material which will exert 

ber 21 with a plug 30 of a heat expandable solid mate- the required pressure at a given temperature, 

rial having a linear coefficient of thermal expansion at The material of members 20 and 21 can vary widely, 
least as high as that of member 21 prior to exerting but are each preferably metal. The adhesive may be 

bonding pressure. The material is then heated simulta- any conventional laminating adhesive and may be cur- 

neously with the application of bonding pressure. The able at ambient temperature or with heat. The plug ma- 

heat applied is sufficient to expand the plug of material terial can also vary widely and is selected by its physical 

sufficiently to substantially reduce the differential pres- characteristics of temperature expansion and not by its 

sure across portions 15 of thin sheet member 20. chemical nature. However, it is preferred that the plug 

Preferably, plug 30 is formed in situ in the apertures material be formed in situ in the apertures in member 

in member 21 and a suitable techinque is illustrated in 21. Accordingly, liquid compositions settable to solids 

FIGS. 1 and 2. A stainless steel (type 347) sheet 0.020 having the proper thermal expansion coefficient are 

inches in thickness is formed as shown in FIG. 1 to con- preferred. The solid plug material is preferably resilient 

stitute a portion of a hollow conical article being fabri- and resins and rubbers are preferred. These composi- 

cated. Several apertures 22-27 are provided including tions can be filled with other materials, such as metals, 

several having a diameter of 0.750 inches. The open ' to modify the coefficient of thermal expansion charac- 

ends of the half-cylinder are sealed with aluminum foil teristics as desired. 

sheets 31 and 32 taped to member 21. The outer sur- Where the configuration of the member is complex, ' 

face of member 21 is covered with a suitable material as in the illustrated embodiment, a resilient material, 

33, for example a mylar film, such that all of the aper- formable in situ, is preferred for the plug material. Suit- 

tures in member 21 are covered. Additional pieces of ^ able resilient materials have a linear coefficient of ther- , 

aluminum foil 34, 35 are taped to the edges of member mal expansion great enough to equalize the pressure 

21 forming a mold cavity adjacent the concave inner differential at the apertures when the assembly is sub- 
surface of member 21. The mold cavity is then filled jected to elevated temperatures and pressure. The ma- 

with a previously prepared liquid mixture commercially terial preferably is sufficiently resilient to allow the re- 

available Silicone Rubber composition (RTV 60 Sili- moval of the mandrel from the sub-structure, without 

cone Rubber and Thermolite 1 2 Catalyst, General disturbing the bonded assembly at the aperture areas. 

Electric, the catalyst being used in an amount of one 

percent by weight of the silicone rubber). The liquid Where a rigid material, such as rigid resin, is used to 
composition sets to a solid elastomeric synthetic rubber form the mandrel, the mandrel would become mechan- 

is about 4 hours of 75° F. ically locked in the apertures, requiring breakaway 

After the rubber is set and the Mylar film and alumi- force to remove which would subject the thin skin to 

num foil removed, a sheet of stainless steel 20 (Type possible damage at the aperture areas. 
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The mandrel material is cured prior to the assembly 
of the skin to the substrate and, in the illustrated em- 
bodiment, is capable of withstanding the relatively 
high curing temperature (330° F) of the adhesive film 
used to bond the skin to the substructure. 5 

The selection of the mandrel material is governed to 
some extent by the type of adhesive system used to 
bond the skin to the sub-structure. The selection of the 
adhesive system is in turn governed to some extent by 
the end use temperature of the completed model. In the 10 
illustrated embodiment, the required use temperature 
is minus 400° to plus 300° F. The cryogenic and upper 
temperatures range of this particular model requires a 
careful selection of an adhesive film bonding system, 
that will withstand this temperature gradient. The ad- 15 
hesive system selected requires a curing temperature of 
330° F, limiting the candidate materials that could be 
used to fabricate the mandrel. An article that would be 
subjected to normal ambient temperatures therefore 
would have a multitude of choices for selecting a man- 20 
drel material. On the other hand, for an article to be 
used in cryogenic and elevated temperature ranges, the 
mandrel material would be governed by the curing tem- 
peratures of the selected adhesive bonding system. 

There are, therefore, numerous grades and types of 25 
materials, rigid and elastic, which are conventional and 
known in themselves which are suitable for fabricating 
the mandrel according to the present invention. A rigid 
material could be easily used for models of flat face 
configurations. For complex models, such as conical 30 
models with multiple apertures distributed along its ra- 
dial profile, an elastic mandrel is preferred. 

The preferred material is a room temperature curing 
silicone rubber (RTV-60). This is one of many grades 
of conventional silicone rubber, some having varying 35 
coefficients of thermal expansion and durometers. The 
silicone rubber is catalized, poured into the prepared 
sub-structure and allowed to cure to form the elastic 
mandrel. Because of the non-adhering qualities of sili- 
cone rubber, no release agent is required for subse- 
quent removal of the mandrel from the sub-structure 
apertures. Pourable materials other than silicone rub- 
ber, would ordinarily require that a release agent be ap- 
plied to the surface of the sub-structure that was to be 
poured against to form the mandrel. This presents a 
possibility of the release agent propogating into the 
bonding surface of the skin to the sub-structure and 
causing unbond areas in the bonded assembly. Silicone 
rubber is therefore preferred. 

The use of silicone rubber as the mandrel material, 
allows the removal of the mandrel from the sub- 
structure and the insertion and reuse of the mandrel in 
the original sub-structure on a similar one. 

Silicone rubber, for the above mentioned reasons, is 
preferred as a material for fabricating the mandrel ac- 
cording to the invention. 

In order to realize maximum advantages of the inven- 
tion, sheet member 20 will be quite thin and will prefer- 
ably be not more than 0.05 inches in thickness. Still ^ 
more advantages over conventional fabricating tech- 
niques are obtained when the sheet is thinner, for ex- 
ample, up to 0.02 inches, and maximum advantages are 
achieved with thickness of 0.003 to 0.0 1 5 inches. Simi- 
larly, maximum advantages are achieved where the sur- 
face against which sheet 20 is bonded is cured and 
where the article is provided with a plurality of aper- 
tures, for example, where the apertures constitute as 
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much as 10 percent of the surface area of an article. 

It will be recognized that it is not necessary, to prac- 
tice the invention, to eliminate the differential pressure 
across p>ortions 15 of sheet member 20. In general, 
some differential pressure can be tolerated. However, 
it is preferred that the pressure be reduced by at least 
75 percent and still more preferably at least 95 percent. 

What is claimed is; 

1. A method of fabricating an article having a cavity 
therein, the bottom wall of said cavity being flat and 
thin, comprising the steps of: providing a first member 
having at least one aperture extending therethrough, 
the wall of said aperture forming the side wall of said 
cavity; filling the aperture with a plug of heat- 
expandable solid material, one end of said plug being 
coplanar with the surface of said first member to which 
said one end is adjacent; providing a second member 
adjacent said surface of said first member and a layer 
of a heat-sensitive adhesive between said second mem- 
ber and said surface of said first member, said second 
member being thin planar sheet material having a 
thickness corresponding to the desired thickness of the 
bottom wall of said cavity; subjecting the outer surface 
of said second member to a high fluid pressure to in- 
duce a high differential pressure across the assembly to 
uniformly urge said second member against the surface 
of said first member; heating the assembly to a temper- 
ature sufficient to activate said adhesive to bond said 
second member to said surface of said first member; 
said heat-expandable solid material having a linear co- 
efficient of thermal expansion at least as high as that of 
said first member and sufficient such that when the as- 
sembly is heated to activate said adhesive, the pressure 
exerted against the second planar member due to the 
thermal expansion of said plug of material filling said 
aperture substantially reduces the high differential 
pressure otherwise induced by said fluid pressure 
across the portion of the second planar member adja- 
cent said one end of said plug; and removing said heat 
expandable solid material from said aperture to provide 
an article having a cavity with walls formed by the sides 
of said aperture and having a thin, flat bottom wall 
formed by said portion of second member adjacent said 
one end of said plug of elastomeric material. 

2. A method according to claim 1 wherein said fluid 
pressure is applied while the assembly is being heated. 

3. A method according to claim 1 wherein said first 
member is metal. 

4. A method according to claim 1 wherein said sec- 
ond member is metal. 

5. A method according to claim 1 wherein said first 
and second members comprise the same metal. 

6. A method according to claim 1 wherein the thick- 
ness of said second member is up to 0.05 inches. 

7. A method according to claim 1 wherein the thick- 
ness of said second member is up to 0.02 inches. 

8. A method according to claim 1 wherein the thick- 
ness of said second member is from 0.003 to 0.015 
inches. 

9. A method according to claim 1 wherein the outer 
surface of said first member is curved. 

10. A method according to claim 1 wherein said first 
member includes a plurality of said apertures, each of 
said apertures being filled with a plug of said heat ex- 
pandable material. 
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1 1. A method according to claim 1 wherein said heat 
expandable material is more resilient than said first 
member and has a thermal coefTicient of expansion 
higher than that of said first member. 

1 2. A method according to claim 1 1 wherein said ma- s 
terial comprises an elastomer. 

13. A method according to claim 12 wherein said 
elastomer comprises silicone rubber. 
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14. A method according to claim 13 wherein said 
plug is formed in situ in said aperture. 

15. A method according to claim 1 wherein the dif- 
ferential pressure across said p>ortion of said second 
member is reduced to at most 25 percent of said high 
differential fluid pressure. 

* * ♦ * ♦ 
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